Abstract Low peak bone density (PBD) in adulthood is an important determinant of osteoporotic fracture (OF) in the elderly. The tumor necrosis factor receptor 2 (TNFR2) gene has been considered as an important candidate gene for PBD due to its important role in bone turnover. In this study, we recruited a total of 1,263 subjects from 402 Chinese nuclear families composed of both parents and at least one daughter, and tested the association of the (CA) n polymorphism in intron 4 of the TNFR2 gene with PBD using a more contemporary quantitative transmission disequilibrium test (QTDT). Significant within-family association was detected between the CA16 allele and bone mineral density (BMD) at the lumbar spine with the P-value of 0.005 after permutations, which is still significant after correction for multiple testing. Some evidence of totalfamily association between the CA16 allele and lumbar spine BMD was found (P=0.021), although the significant level did not reach the empirical threshold (P £ 0.007). About 3.14% of lumbar spine BMD variation can be explained by the CA16 allele. In summary, our results suggest that the TNFR2 gene may play an important role in determining lumbar spine BMD variation in Chinese women.
Introduction
Osteoporotic fracture (OF) is a serious health problem in our aging society. Low peak bone density (PBD) in adulthood is an important determinant factor of OF in the elderly. PBD has been demonstrated to be under strong genetic control (Deng et al. 1999) . Several lines of evidence suggested that the tumor necrosis factor receptor 2 (TNFR2) gene as a strong candidate gene for PBD. TNFR2 can regulate the effects of TNF on osteoclastogenesis (Abu-Amer et al. 2000) . TNFR2 gene is located in 1p36.2, where the potential quantitative trait loci for the variation of bone mineral density (BMD) at the hip were identified (Devoto et al. 2001) . Studies in some populations have shown an association between the TNFR2 gene and BMD variation (Spotila et al. 2000 (Spotila et al. , 2003 Albagha et al. 2002; Tasker et al. 2004 ). However, little is known about the effect of the TNFR2 gene on BMD variation in Chinese. In this study, we tested the association of the (CA) n polymorphism in intron 4 of the TNFR2 gene with PBD in 402 Chinese nuclear families using quantitative transmission disequilibrium test (QTDT) (Abecasis et al. 2000) .
Subjects and methods
A total of 402 nuclear families containing 1,263 subjects were recruited from a local population of Shanghai, P.R.
China. They were all of the Chinese Han ethnicity, which is greater than 93% of the total Chinese population. Each nuclear family includes both parents and at least one healthy pre-menopausal daughter aged 19.3-44.0 years, when the Chinese female may achieve and maintain their PBD (19-44 years) (Yao et al. 2001 ). There were 86.8, 12.4, 0.5 and 0.3% of nuclear families with one, two, three and four daughters, respectively. For each subject, BMDs (g/cm 2 ) at the lumbar spine 1-4 (LS) and femoral neck (FN) were measured by a Hologic QDR2000+ dual-energy X-ray absorptiometry (DEXA) scanner (Hologic Inc., Bedford, MA, USA). The coefficient of variation (CV) values for repeated BMD measurements at the LS and FN were 0.9 and 1.93%, respectively. Informed consent was obtained from each subject. Exclusion criteria were detailed earlier by Deng et al. (2002) to minimize any known potential confounding factors on bone and calcium metabolism.
Genomic DNA was isolated and the (CA) n polymorphism of the TNFR2 gene was amplified using the polymerase chain reaction (PCR) with previously described primers (Spotila et al. 2000) . PCR products were separated by electrophoresis on an ABI 377DNA Analyzer (Applied Biosytems, Foster City, CA, USA). Data were analyzed using software of GENESCAN and GENOTYPER (Applied Biosystems) and GenoDB (Li et al. 2001 ). Alleles were termed as the number of CA repeats. The program PedCheck was employed for verifying Mendelian inheritance of all the marker alleles within the nuclear families (O'Connell and Weeks 1998).
Statistical Analysis System (SAS Institute, Cary, NC, USA) was used to analyze the basic statistics and to test the normal distribution of the bone phenotype data. Tests of population stratification, total-family association and within-family association of the (CA) n polymorphism with BMD at the LS and FN were performed in the QTDT program (http://www.sph.umich.edu/csg/ abecasis/QTDT/). QTDT program was derived from the transmission disequilibrium test (TDT) program. TDT program was originally developed for qualitative traits, using a conventional v 2 test to compare the frequencies of the alleles transmitted from heterozygous parents to affected children relative to the frequencies of the untransmitted alleles (Spielman et al. 1993) . QTDT extended methods to analyze quantitative traits, such as BMD (Abecasis et al. 2000) . Both the original TDT and QTDT are robust to population admixture/stratification (Spielman et al. 1993; Abecasis et al. 2000) .
In the QTDT analysis, we performed allele-wise tests for the four common alleles with the frequency above 5% based on the ''common allele-common disease'' hypothesis (Lander 1996) . To avoid the multiple-testing problem, 1,000 permutation tests were performed to establish an empirical threshold (McIntyre et al. 2000) , which was P £ 0.007 for individual test to achieve a global significance level of 0.05 for each test in the present study.
Results and discussion
The basic characteristics of the study subjects are summarized in Table 1 . Ten alleles of the (CA) n polymorphism were observed, with the number of CA repeats ranging from 10 to 19. Allele frequencies of the (CA) n polymorphism in our sample are shown in Fig. 1 . Four major alleles with frequency >5%, CA11, CA15, CA16 and CA17, accounted for 92.2%.
Results of the QTDT analyses are summarized in Table 2 . Both within-family and total-family associations are reliable since no population stratification was detected in our samples (P>0.10). At the nominal significance level of 0.05, the CA16 allele was shown within-family and total-family associations with LS BMD, with the P-values of 0.009 and 0.021, respectively. When the multiple testing corrections were taken into account, the permutation result of within-family association between the CA16 allele and LS BMD remains significant (P=0.005). The CA16 allele accounted for 3.14% of LS BMD variation, with carriers of the CA16 allele having, on average, 2.57% lower LS BMD than those without this allele. Moreover, since the age span of the offspring in our sample is somewhat broad (19.3-44.0), analyses excluding 30 subjects in young or older extremities (i.e., three subjects under age 20 years, and 27 subjects older than 40 years) were also performed. After excluding these 30 extremities, the results were more prominent and were consistent with those analyzed by the whole group (Table 2) .
Our study first studied and found that the TNFR2 gene might be associated with LS BMD in Chinese women. This association, however, was not shown in the studies of Spotila et al. (2000 Spotila et al. ( , 2003 . The different findings may be attributed to inter-study differences. In addition to the different analytical approaches applied in different studies, the different study subjects, i.e., healthy Chinese Han ethnic pre-menopausal women in our study and subjects including both male and female drawn from different ethnic backgrounds or only from European descent in Spotila et al. studies (2000 Spotila et al. studies ( , 2003 , may also contribute to the inconsistent results.
The potential limitation is that due to budget limit, we selected only one polymorphism of the TNFR2 gene in our study. We selected the (CA) n polymorphism for this study based on the following reasons: (1) The TNFR2 gene extends to only about 26 kb. The linkage disequilibrium (LD) study of this gene revealed that significant LD existed within this gene (Spotila et al. 2003) . Therefore, the true functional variant (if exists) of the TNFR2 gene may be in LD with the (CA) n polymorphism, and testing the (CA) n polymorphism alone may be enough to test the association of the TNFR2 gene with PBD in our study. (2) A microsatellite marker contains more information when compared to a single nucleotide polymorphism (SNP) marker, which provides higher statistical power to test association with the same sample size. Among all the polymorphisms of the TNFR2 gene which have been studied (Spotila et al. 2000 (Spotila et al. , 2003 Albagha et al. 2002; Tasker et al. 2004) , the (CA) n polymorphism was the only microsatellite marker. The mechanism underlying the association between the (CA) n polymorphism and PBD is not well defined. TNFR2 can both exist in membrane-bound and soluble forms. It has been found that the (CA) n polymorphism in intron 4 of the TNFR2 gene was correlated with the plasma soluble TNFR2 (sTNFR2) levels (Glenn et al. 2000) , and sTNFR2 can modulate TNF at different levels (Aderka et al. 1992) . Therefore, TNFR2 gene may mediate the response of bone cells to TNF by regulating the plasma sTNFR2 levels.
In summary, our preliminary results indicate that the (CA) n polymorphism of the TNFR2 gene may be associated with LS BMD. It is the first study that suggests the TNFR2 gene may be involved in the susceptibility to osteoporosis in Chinese population. Further studies in other populations with larger sample sizes will be required to confirm the findings reported here. Fig. 1 Allele frequencies of the (CA) n polymorphism in intron 4 of the TNFR2 gene. Allele frequencies of the (CA) n polymorphism, obtained from the parent group of our study subjects, are as follows: CA10, 0.28%; CA11, 12.08%; CA12, 0.24%; CA13, 2.64%; CA14, 4.32%; CA15, 51.16%; CA16, 21.32%; CA17, 7.68%; CA18, 0.24%; CA19, 0.04%
